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Sir 

I, Hiroshi Yokota, the undersigned, a citizen of Japan, residing at 18-1-1022 
Shimokurata-machi Totuka-ku Yokohama-shi 244-0815 Japan, do hereby declare: 



That I am an employee of the Ebara Corporation and a manager of the Material 



That I graduated from the University of Tokyo on March 3 1 1 979 with a degree i; 



Metallurgy and received a doctoral degree in engineering from the University of Tokyo at 1 992. 



Laboratory. 



3. 



That I have been employed as a engineer and a researcher at Ebara Corporation 



from 1979 to the present. 
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4. That under my control and direction experiments were conducted in order to study 
the difference in carbon deposition in the process of the present invention and that of the prior ait 
process, which employs methane as the reducing gas. 

The particulars and results of the experiments are set forth below. The data is presented 
in Exhibit I and Graphs 1-4, which are attached hereto. 

Graph 3 shows a ohange in temperature of free energy of formation "AG" of carbon 
deposition reaction from methane (CH4-+C+2H2) and carbon deposition reaction from CO 
(2CO-C+CO a or CO+H 2 -C+H 2 0). It can be seen from Graph 4 that, while carbon deposition 
from methane easily occurs at temperatures of more than 5S0'C, carbon deposition from CO 
occurs at temperatures of less than 700°C. 

Steam electrolysis is performed at a temperature of about SOO°C. At this temperature, 
carbon deposition from CO does not occur, while carbon deposition from methane does occur. 
Therefore, the use of a reducing gas, composed mainly of hydrogen and carbon monoxide (CO), 
can avoid the carbon deposition problem 

As a method of preventing carbon deposition from methane, it has been customary to add 
steam to methane. The curved line in Graph 4, on the attached sheet, shows results of a 
thermodynamic calculation of the amount of water (steam/CH^ required for preventing carbon 
deposition. It can be seen from Graph 4 that steam/CH* is around I in every region. 
Particularly, in a temperature region between 700 and 500°C, carbon deposition is apt to occur, 
and it is thus required to increase steam/ CH 4 
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In the case of mixing methane and steam, a steam-reforming reaction occurs on the 
electrode. This steam-reforming reaction is an intense endothermic taction, and thus results in 
a decrease in temperature. Such a decrease in temperature would cause an increase in 
overvoltage and a decrease in efficiency. Further, because the temperature approaches the 
above-mentioned region where carbon deposition is apt to occur, it becomes difficult to maintain 
a stable operation. 

However, in the present invention, supplying of the reducing gas causes a slight 
exothermal reaction. Accordingly, the temperature can be maintained, and a stable operation 
can be achieved. Further, use of the reducing gas can greatly lower an electrolytic voltage in the 
high-temperature steam electrolyzer as much as in the case of using methane. Therefore, use of 
the reducing gas is economically advantageous in view of it being produced from a low-cost 
organic material. 

An experiment was conducted according to the present invention as follows. Under a 
temperature of 734'C, steam was supplied into a cylindrical electrolytic cell, and a simulated 
pyrolysis gas (H 2 : 58.6%, CO: 24.1%, C0 2 : 12.4%. methane: 4.go/ 0 ) was supplied to the outside 
of the electrolytic cell. In this state, a voltage was applied between an outside electrode (anode) 
and an inside electrode (cathode). 

The voltage-current curve obtained during the experiment is represented in Graph 1 . 
The following information can be gleaned from Graph 1 . When the current was zero, the 
vohage was -1 80 mV. As the current increased, the voltage also increased substantially 
linearly. Thus, it was confirmed that continuous electrolysis was able to be performed stably. 
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Next, the experiment was conducted using methane instead of the simulated pyrolysis 
gas. The results of this experiment are also shown in Graph 1. In the case of methane, when 
the cu*ent was zero, the voltage was .360 mV. However, a, the current increased, the voltage 
sharply increased. As a result, a higher voltage was required in comparison with the voltage 
required in the present invention. This means that more electric power is required when 
producing the same amount of hydrogen, and that significant unexpected advantages are obtained 
by using pyrolysis gas instead of methane. 

Further, in order to study whether or not carbon was deposited on the electrode as a result 
of the elecfrolysis process using methane, an inert gas (N 2 ) was introduced into the apparatus in 
order to expel (purge) the methane, and then humidified nitrogen gas (N 2 + H 2 0) was supplied to 
the electrode. More specifically, N 2 gas was introduced for about 600 seconds, and then N 2 + 
H 2 0 were supplied to the electrode. As a result, as shown in Graph 2, CO and CO, were 
produced from me electrode. This is due to the fact that the carbon gas was deposited on the 
electrode as a result of electrolysis using methane and that carbon reacted with H 2 0 to thereby 
produce CO and C0 2 . 

With reference to Graph 3, it can be seen that carbon deposition from methane occurs at 
temperatures of more than 550°C, while carbon deposition from CO occurs at temperatures of 
less than 700°C. Since electrolysis is performed at a temperature of approximately 800°C, 
carbon deposition from CO will not occur at this temperature. Therefore, based on the results 
of the experiments, it was discovered that the use of a reduc ing gas composed mainly of 
hydrogen and carbon monoxide (CO) can avoid the carbon deposition problem. 
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